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This  study  measured  the  magnitude  of  risk  of  the  1992  cohort  of  employees 
(enlisted,  officer,  and  civilian)  on  the  United  States  Air  Force  Hearing  Conservation 
Pregrsm  by  occupational  codes  (Air  Force  Skill  Cod^  AFSC).  Some  160,062  individuals 


that  received  annual  audiograms  during  this  period  were  eligible  for  analysis.  To  enhance 
precision,  females  were  excluded  from  the  stutfy  since  they  were  less  than  6%  of  the 
subcohort  resulting  in  151,512  potential  mnie  employees  to  analyze.  The  study  further 
restricted  this  group  to  view  only  the  most  recent  audiogram  for  each  individual  that  had  a 
valid  service  and  rank  code.  The  final  number  of  this  subcohort  was  107,421.  Only  AFSCs 
with  100  or  more  employees  were  analyzed.  This  represented  1 17  AFSCs  with  93,854 
audiograms  (87.4%  of  107,421).  The  age  and  race  distribution  of  the  107,421  audiograms 
were  used  as  the  standard  for  direct  adjustment  of  each  AFSC.  Risk  of  Permanent 
Threshold  Shift  (PTS)  ranged  from  several  AFSCs  with  0%  to  civilian  aircrafl:  mechanics 
with  1 1.4%.  The  overall  crude  risk  for  the  standard  was  2.3%.  Six  of  the  top  ten  risk 
categories  were  civilian  even  though  only  28%  of  the  AFSCs  analyzed  were  civilian.  Due 
to  wide  confidence  intervals,  the  Air  Force  should  use  caution  in  implementing  new 
procedures  from  these  findings  until  they  arc  replicated  in  a  subsequent  year  group. 
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SECTION  I 
INTRODUCrnON 

A  RETROSPECTIVE  STUDY  OF  A  1992  SUBCOHORT  OF  AIR 
FORCE  PERSONNEL  EXPOSED  TO  HAZARDOUS  NOISE 
BY  AIR  FORCE  SKILL  CODE 


A.  SPECIHC  AIMS 

This  research  Is  designed  to  provide  infonnation  on  the  risk  of  developing 
permanent  hearing  loss  across  occupations  in  die  United  States  Air  Force.  All  Air  Force 
luuiviuuals  exposed  to  hazardous  noise  (over  dB-8  hour  weighted,  over  1 15  dB 
intcmiiltcnt  noise,  or  over  140  dB  impact  or  impulse  noise)  and  free  of  significant  hearing 
loss  arc  entered  into  the  Air  Force  Hearing  Conservation  Program  ( AFHCP ).' 

The  AFHCP  has  been  conducted  fay  hundreds  of  highly  tromed  technicians, 
physicians,  and  allied  support  personnel  for  many  years.  These  efforts  have  resulted  in  a 
database  (Air  Force  Hearing  Conservation  Data  Registry  -  HCDR)  with  over  three  million 
audiometric  records.  *  Each  year  the  Air  Force  Annual  Hearing  Conservation  Report  is 
compiled  to  summarize  data  for  the  previous  year.  ’  The  report  contains  a  myriad  of  useful 
analytical  and  epidemiologic  information.  Incidence  nf  Permanent  Threshold  Shifts  (PTS) 
is  reported  annually  in  this  report  os  required  fay  Air  Force  regulations. '  It  also  contains  a 
frequency  analysis  of  PTS  for  various  career  fields  for  officers,  enlisted,  and  civilian 
employees,  but  the  career  fields  cover  broad  areas.  The  career  fields  are  not  specific  for 
occupations  identified  by  Air  Force  Skill  Codes  (AFSC). 

With  scores  of  different  Air  Force  Skill  Codes  on  the  AFHCP,  it  is  extremely 
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beneficial,  in  terms  of  targeting  appropriate  mtctvaitions,  to  identify  those  APSCs  showing 
the  highest  risk  of  hearing  loss  compared  to  other  AFSCs. 

Therefore,  the  specific  aims  of  this  study  arc  : 

(1)  to  identify  the  ten  AFSCs  showing  the  highest  risk  for  hearing  loss,  and 

(2)  to  identify  the  ten  AFSCs  on  the  AFHCP  that  have  the  lowest  risk  of  developing 
peiuianent  hearing  loss. 

B.  SIGNinCANCE 

The  Department  of  Labor  (DOL)  and  Veterans  Administration  (V  A)  pay  millions  of 
dollars  annually  as  a  result  of  claims  of  hearing  loss  by  Department  of  Defense  (DOD) 
civilian  employees  and  farmer  military  pcTSOuucl.  The  DOL  reporied  UIC  average  cost  In 
civilian  Air  Force  employee  claims  was  $4,969,417  annually  from  19S9  to  1992. '  On 
average,  993  civilian  employees  made  claims  annually  to  the  DOL  during  this  period.  The 
VA  only  pays  claims  to  prior  military  personnel  with  service  connected  hearing  loss.  In 
1992  the  VA  had  7,53 1  Air  Force  cases  on  the  active  roil  where  bearing  loss  was 
considered  the  primary  disability.  There  were  47,699  Air  F^rce  cases  on  the  active  roU 
during  the  same  period  where  hearing  loss  was  considered  a  secondary  disability.  Primary 
disability  recipients  received  a  total  of  $25,431,576  in  1992  alone.  Financial  payments 
received  by  individuais  in  the  secondary  disability  category  arc  not  kept  by  the  VA.  ’  When 
Air  Force  costs  are  combined  with  other  DOD  agencies,  hearing  loss  claims  paid  by  the 
United  States  government  are  substantial. 

Any  effort  to  reduce  hearing  loss  will  ultimately  have  an  impact  by  reducing  claims 
paid  and  alleviating  the  long  term  physical  disabilitie,s  so  many  service  connected 
personnel  experience.  By  identifying  the  ten  AFSCs  with  the  greatest  risk  for  hearing  loss, 
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Air  Force  management  and  Military  Public  Health  officers  can  scardi  for  factors  that  may 
put  these  individuals  at  increased  risk  and  focus  preventive  medicine  efforts  on  these  high 
risk  occupations.  Remediation  measures  then  be  designed  to  circumvent  further 
preventable  hearing  losses.  Amelioration  measures  may  appear  to  be  beneficial  enough  that 
they  may  be  instituted  Air  Force  wide. 

By  identifying  the  ten  AFSCs  on  the  AFHCP  with  the  lowest  risk  of  hearing  loss, 
AF  management  will  be  able  to  further  anafyze  the  AFHCP.  Factors  such  as  lower  levels  of 
noise  expoaire,  better  education  programs  and  different  types  of  hearing  protection  could 
be  idemified  as  protective  for  these  occupations.  The  discovery  of  these  protective  factors 
could  of  value  to  the  Air  Force  and  other  DOD  agencies  in  further  curtailing  occupational 
hearing  loss. 

C.  HEARING  LOSS  HISTORY  and  SUSCEPTIBILITY 


Loss  of  hearing  from  occupational  noise  has  been  known  for  over  300  years.  ‘ 
Development  of  technology  during  this  century  has  brought  louder  and  louder  machines 
and  industrial  processes  into  the  worlqplace.  In  1830  'osbroke  *  spoke  of  certain 
occupations  predisposed  to  hearing  loss. 


The  blacksmiths’  deafriess  is  a  consequence  of  their 
employment;  it  creeps  on  them  gradually,  ii  general  at  about 
forty  or  fifty  years  of  age.  At  first  the  patient  is  insensible  of 
weak  impressions  of  sound;  the  deafiiess  increases  w*th  a  tinging 
and  noise  in  the  ears,  slight  vertigo,  and  pain  in  the  cranial  bones, 
periodical  or  otherwise,  and  often  violem. 


As  the  Industrial  Revolution  advanced,  it  also  brought  hearing  loss  to  millions  of 
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AmericaDS  in  industry  Noise  is  now  the  most  common  hazard  in  the  workplace.  Over 
40  million  Americans  suffer  hearing  loss  from  various  sources.  ’  Over  7,900,000  U.S. 
workers  are  exposed  to  noise  levels  at  or  above  80  dB.  “  It  is  estimated  that  more  than  20 
billion  dollars  have  been  paid  out  in  compensation  for  hearing  loss  to  workers.  Noise- 
induced  heating  loss  is  listed  by  the  Center  for  Disease  Control  as  one  of  the  ten  leading 
occupational  diseases  in  the  U.S.  *' 

It  has  long  been  recognized  that  some  individuals  are  more  susceptible  to  hearing 
loss  thnn  others,  There  hns  been  much  speculation  about  potential  factors  causing  this 
inter-individual  variation  including:  heredity,  diet,  blood  and  nutrition  supply,  stress,  drugs, 
metabolism,  race,  age,  sex,  eye  color,  non-occupatioaal  exposure  to  noise,  smoking, 
previous  hearing  loss,  systemic  diseases  (  cardiovascular,  Itypothyroidism,  diabetes, 
hypcrlipopfoiciiiciuia),  use  of  hearing  protection,  consumption  of  salicylates,  plasma  LDL^- 
cholesterol  concentration,  gunfire,  and  tinnitus.  jf  can  learn  more  about  factors 

that  predispose  people  to  hearing  loss,  we  may  be  able  to  reduce  hearing  loss. 

D.  RISK  FACTORS  as  CONFOUNDERS 

Of  all  the  potential  confounders  listed  above  as  potentially  affecting  susceptibility 
to  bearing  loss,  one  is  likely  to  affect  the  study.  Presbycusis,  a  slow  progressive 
deterioration  of  hearing  not  attributable  to  any  cause  except  aging,  has  been  foimd  in  many 
cxjcupationaJ  hearing  loss  studies  as  a  major  factor  in  hearing  loss.  Lutman  and 
Spencer®  studied  2,162  subjects  free  of  material  conductive  impaLment.  Study  participants 
ranged  from  17  to  80  years.  Their  findings  showed  increased  hearing  threshold  levels  with 
age.  Bauer  etal.  "  studied  47,388  noise  exposed  workers  in  Austria  and  found  that  age  was 
a  dominating  factor  in  determining  hearing  threshold  loss.  Ribak  el  aL  studied  111 
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akcxew  members  of  the  Israeli  Air  Force  foe  permanent  hearing  threshold  shifts.  It  was 
discovered  that  age  was  highly  correlated  with  hearing  loss  (p<0.001)  while  aircraft  type 
and  accumulated  flying  time  played  a  minor  role.  Fitzpatrick,  in  a  subsequent  study  of  21 1 
U.S.  Army  aviators,  foimd  noise  exposure  as  measured  by  total  flight  hours  (1,000  to  4,000 
hours )  increased  threshold  sh'fts  four-fold  (p<0.001),  but  he  also  found  hearing  loss  with 
clear  progression  in  each  age  group  (p<0.001).  ® 

Gender  also  seems  to  phty  an  important  role  in  susceptibility  to  hearing  loss.  One 
auditory  brainstem  response  study  has  shown  women  have  different  lengths  of  time  for 
brainstem  response  than  men,  Explanation  for  this  was  hypothesized;  lighter  ossicles  in 
women,  shorter  cochleas,  and  variations  in  the  skull  (men  have  thicker  skull  bones  than 
women  and  different  shapes  of  the  skull  bones).  ’’  Rcystcr  etaL'°  studied  audiometric  test 
data  on  14,000  indnstrinl  employeas  froni  several  different  types  of  industries  in  North 
Carolina.  The  study  found  that  black  females  exhibited  the  lowest  hearing  threshold  levels. 
White  males  had  the  highest  hearing  threshold  levels.  Black  males  and  white  females  had 
sininar  hearing  threshold  levels.  Royster  etaL  ^  stated  “that  meaningful  evaluations  of 
industrial  audiometric  data  bases  are  not  possible  tmless  race  and  sex  compositions  of  the 
population  arc  considered.**  Johnson *s  ^  review  of  field  studies  on  industrial  exposure  also 
showed  an  increase  in  noise  induced  permanent  threshold  shift  (NIPTS)  in  men  compared 
with  women.  Johnson  postulates  that  teenage  boys  are  involved  in  fer  more  noise  activities 
than  teenage  girls.  He  states  this  trend  is  expected  to  centmue  thiough  adauhood.  Male 
non-occupational  exposures  (chain  saws,  guns,  etc.)  predispose  them  to  NIPTS.  In  the 
^dy  by  Bauer  "previously  mentioned,  of  the  47,388  noise  exposed  workers,  sex  and  age 
were  found  to  be  the  dominating  &ctors  in  determining  hearing  threshold. 

The  effect  of  race  on  hearing  sensitivity  has  been  studied  and  may  affect  data 
interpretmion.  As  mentioned  earlier,  Royster  eta/,  °  noted  a  difference  in  hearing  threshold 


level  3  by  race.  This  study  was  performed  in  1979.  An  earlier  study  of  patients  at  Johns 
Hopkins  Hospital  in  1930  by  Bunch  and  Raiford  “  indicated  better  hearing  in  blacks  than 
whites.  Karsai  eioL^  studied  a  population  of  836  longshoreman  to  anafyze  hearing 
differences  in  men  from  several  different  subcultures.  Black  Americans  had  superior 
hearing  compared  to  four  other  groups,  ail  of  which  were  white.  The  four  other  groups 
(Italian,  Irish,  Yugoslav,  and  White  American)  were  not  significantly  different. 

The  amnnnt  of  melanin  in  the  slfin  and  eye  appear  to  be  correlated  with 
susceptibility  to  hearing  loss.  This  hypothesis  is  supported  by  studies  like  those  in  the 
previous  paragraph  discussing  differences  in  darker  and  lighter  races.  LaFerriere  et  aL  ^ 
discovered  the  density  of  mehuuK^es  throughout  the  labyrinth  varies  according  to  skin 
pigmentation.  The  pale  person  will  have  hardly  any  melanin  in  the  stria  vascularis. 

Barrenas  and  Lindgren  cited  the  important  discovery  of  the  correlation  of  eye  color  and 
inner  ear  melanin  by  Bonaccorsi  in  1965.  The  results  of  studies  correlating  eye  color  with 
hearing  loss  arc  mixed.  Hood  etaL  ^  tested  38  subjects  for  temporary  threshold  shifts 
(TTS).  They  were  divided  into  four  groups  by  eye-color:  dark  brown,  light  brown,  green- 
grey,  and  blue.  The  results  confirmed  earlier  studies  that  TTS  is  related  to  melanin  content 
of  the  iris.  Carter  etaL  ® studied  118  otologicaily  normal  Australian  soldiers.  In  this  study 
left  ears  from  soldiers  with  eye  color  indicating  no  melanin  pigmentation  of  the  iris  had 
poorer  hearing  at  3  kHz  (p<0.05)  than  soldiers  with  melanin  pigment.  Although  the 
majority  of  studies  do  indicate  eye  color  is  correlated  to  hearing  loss,  a  few  do  not.  For 
instance,  Karlovich  (1975)  tested  45  young  adults  for  auditory  fatigue  and  found  no 
significant  differences  in  brown,  green-gray,  and  blue  iris  categories.  *  Hood  el  aL  ^ 
attempted  to  explain  why  Karlovich  produced  results  different  from  others.  He  stated  the 
methodology  Karlovidi  used  of  pulsed  tones  rather  than  continuous  tones  may  have 
produced  these  misleading  results.  The  protective  effects  of  melanin  in  the  inner  ear  may  be 
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due  to  binding  of  noise  induced  firee  radicals.  This  may  protect  the  hair  cells  against  a 
hazardous  overload  produced  by  excessive  noise.  Carlin  and  MKIroskey  ®  (1980) 
studied  100  industrial  employees  and  concluded  that  color  may  be  related  to  the  effects 
of  noise  on  hearing.  They  suggested  any  future  study  of  PTS  or  TTS  should  consider  eye 
color. 

Nonoccupational  noise  may  be  a  confounder.  Occasional  exposure  to  loud  rock- 
and-roll  mid  music  will  not  produce  significant  hearing  damage.  Habitual  exposure  though 
may  cause  damage  between  2,000  and  8,000  kHz.  ’  Also  gunfire  can  show  a  detectable 
effect  on  hearing  threshold,  in  particular  on  the  left  ear.  Very  little  can  be  done  to  control 
for  this  variable  since  its  impact  cannot  be  clearly  defined. 

Smoking  has  also  been  implicated  as  affecting  hearing  susceptibility.  The  results  of 
studies  have  varied.  Barone  etaL*‘  studied  2,348  noise-exposed  white  males  and  found 
smokers  had  a  ^atisticalfy  significant  increased  risk  of  noise -induced  hearing  loss.  I^kko 
et  aL  “  carried  out  a  detailed  analysis  of  risk  factors  for  hearing  loss  on  199  Finnish 
forestry  workers.  They  concluded  the  effect  smoking  has  on  hearing  loss  is  still  uncertain. 
Their  results  showed  no  significant  difference  in  smokers  versus  nonsmokers. 
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SECTION  n 

METHODS  AND  PROCEDURES 

A.  SELECTION  and  RECRUITMENT  of  STUDY  POPULATION 

Since  all  individuals  in  the  HCDR  are  exposed  to  hazardous  noise  (as  defined  by 
the  Air  Force)  and  are  otologically  normal,  all  individuals  in  the  registry  could  be  potential 
candidates  for  this  study.  The  sturfy  population  was  selected  fix>m  the  HCDR  with  three 
primaiy  criteria  in  mind. 

Accuracy  of  data  is  of  paramount  importance  so  the  results  would  be  valid  and 
information  bias  would  be  minimized.  Though  the  HCDR  bns  been  active  for  several  years, 
confidence  in  the  quality  of  data  has  improved  significantly  in  recent  years.  During  the  last 
few  years  a  thorough  qualify  control  has  been  implemented  to  insure  data  collected  at  base 
level  is  entered  properly  and  completely  into  the  HCDR.  For  this  reason,  selection  of  a 
more  recent  subcohort  would  provide  the  highest  quality  data. 

A  large  enough  sample  size  is  also  important  so  that  adjusted  risks  would  be 
reliable.  As  with  any  study,  sample  size  may  mean  the  difference  between  statistically 
significant  results  and  just  interesting  information.  The  larger  the  sample  size  the  better,  but 
it  still  must  be  kept  small  enough  to  be  manageable  for  analysis.  In  199 1  alone  the  HCDR 
had  198,890  DD  Forms  2216  entered  imo  the  database.  The  DD  Form  2216  (Hearing 
Conservation  Data  form)  is  a  multipurpose  form  used  by  the  .Air  Force  to  record 
audiograms  for  several  different  purposes  such  as  90-day  follow-ups,  termination,  annual, 
etc.  After  identifying  those  audiograms  marked  with  the  code  for  annual  audiograms, 
167,144  were  analyzed  for  hearing  loss.  ’  The  1992  number  of  DD  Forms  2216  entered  into 
the  HCDR  was  198,484.  Once  again  when  onfy  those  coded  for  annual  audiograms  were 
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isolated  160,062  were  analyzed  for  hearing  loss  (Figure  1).  ^ 


Figure  1.  DD  Forms  2216(Hearing  Conservation 
Data  form)  for  1991  and  1992  in  ^  HCDR  by  total 
submitted  for  data  entry  and  by  number  of  those 
being  annual  audiograms.  _ 


One  last  concern  is  that  the  data  being  analyzed  should  be  current  enough  to  reflect 
current  working  conditions  in  the  United  States  Air  Force.  Currency  of  data  will  help  Air 
Force  management  use  the  results  of  this  study  immediately.  The  more  current  the  data,  the 
more  confidence  can  be  placed  that  inferences  &om  the  results  in  the  study  are  applicable 
to  the  present  work  force. 

To  support  the  three  objectives  stated  above,  part  of  the  cohort  of  1992  individuals 
entered  on  the  HCDR  was  selected  for  the  study  population.  New  accessions  are  not 
allowed  to  start  working  in  an  APSC  unless  they  are  cleared  for  medically  normal  hearing. 
New  accessions  into  the  military  workforce  for  1992  were  not  included  since  it  couid  not 
be  documented  they  were  disease  free  the  12  months  prior  to  their  audiogram.  The  1992 
cohort  that  were  on  the  AFHCP  in  1991  received  their  annual  audiogram  sometime  in 
1992.  This  group  should  adequately  meet  all  three  requirements  making  the  stuefy  data 
accurate,  reliable,  and  immediately  usable  by  the  Air  Force. 
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Since  sex  was  implicated  in  previous  literature  os  being  a  possible  risk  factor  for 
disease,  it  was  considered  in  this  study.  Incorporation  of  sex  (a  dichotomous  variable) 
would  double  the  number  of  strata  in  the  finnl  analysis.  This  effect  of  doubling  cells  to  be 
analyzed  could  cause  many  unstable  cells  (cells  <  5)  if  not  enough  women  were  in  this 
subcohort.  Of  the  160,062  only  8,550  were  female  (Table  I).  Since  this  group  was  less  than 
6%  of  the  subcohort  and  would  probably  decrease  the  precision  of  the  study,  it  was  decided 
to  further  restrict  the  study  to  just  males.  Since  the  goal  of  the  study  is  to  identify  high  risk 
AFSCs,  removing  sex  as  a  confounding  variable  in  the  design  phase  was  parsimonious. 


Table  1.  Distribution  of  initial  1992  cohort  for  all  races  and  AFSCs  *  by  se.x 
and  military  ^atus. 


Military  Civilian  All 


SEX 

N 

% 

N 

% 

N 

% 

FEMALE 

6,873 

5.18 

1,677 

6,13 

8,550 

5.34 

MALE 

125,822 

94.82 

25,690 

93.87 

151,512 

94,66 

ALL 

132,695 

100.00 

27,367 

100.00 

160,062 

100,00 

*  AFSC  -  Air  Force  Skill  Code 

This  study  further  restricted  the  15 1,512  nnmml  audiograms  from  males  to  view 
only  the  most  recent  audiogram  for  each  individual  that  had  a  valid  service  (Regular  Air 
Force,  Reserve,  National  Guard,  or  other)  and  rank  (officer,  enlisted,  civilian  grade)  code. 
The  final  number  of  individuals/audiograms  in  this  subcohort  was  107,421.  The  decrease 
in  the  1992  male  subcohort  from  151,512  to  107,421  was  probably  related  to  the  individual 


receiving  more  than  one  annual  oudlognun,  double  testing  (le.  Jan  92  then  again  Dec  92) 
where  windows  of  annual  audiogram  might  overlap,  improper  coding  on  the  form  ,  or 
improper  data  entry. 

Further  restrictions  were  necessary.  The  individual  unit  of  analysis  in  this  study  is 
the  AFSC.  If  an  AFSC  had  too  few  individuals  in  it,  its  adjusted  risk  would  have  such  wide 
confidence  intervals  the  point  estimate  would  lose  meaningful  precision.  Also  the  study  is 
geared  to  have  Air  Force-wide  application,  therefore  it  was  also  important  to  select  AFSCs 
with  large  enough  numbers  of  individuals  to  significantly  impact  the  Air  Force.  Therefore, 
some  cut-ofif  point  would  need  to  be  determined  for  the  number  of  employees  per  AFSC  to 
be  analyzed. 


The  subcohort  of  107,421  was  analyzed  to  sec  how  many  AFSCs  it 
represented  and  the  number  of  employees  in  each.  When  AFSCs  where  broken  cut  initially 
it  resulted  in  4,648  different  codes  (Appendix  A).  There  were  several  possible  reasons  for 
such  a  large  number.  The  main  reason  is  many  AFSCs  have  suffix  identifiers  that  the 
database  treats  separate  AFSCs.  For  instance,  a  908XX,  90830, 90850,  and  90870  all 
represent  the  908  series  for  an  enlisted  public  health  technician-  Military  Personal  Center 
and  the  Civilian  Personnel  Center  at  Randolph  AFB  were  consulted  on  all  the  different 
coding  variations  of  AFSCs  for  civilian,  officer,  and  enlisted.  To  combine  individual  codes 
to  make  meaningful  groupings,  a  strategy  was  developed.  Any  AFSC  code  with  over  seven 


employees  was  combined  with  its  parent  code.  The  number  seven  was  chosen  because  even 
if  three  codes  with  seven  cadi  where  combined,  the  parent  code  would  still  only  be  21;  a 
number  too  small  to  analyze,  Rarefy  did  any  AFSC  code  with  seven  individuals  have 
another  code  with  more  tbnn  tv^ro  individuals  that  would  have  contributed  to  their  parent 
code  therefore  the  rationale  for  the  method  seemed  reasonable,  although  arbitrary.  AFSCs 
were  combined  in  the  manner  described  above  resulting  in  2,718  total  AFSC  codes  still 


il 


listed 


The  distribution  of  AFSCs  after  thii  combining  mode  the  decision  for  cutofifs 
simpler  (Figure  2).  The  preponderance  of  employees  were  in  AFSCs  with  more  than  100 
persons.  One  hundred  seventeen  AFSCs  represented  93,854  Individuals  with  a  cut-off  of 
100  persons  per  AFSC  (Appendix  B).  Thus  87.  4%  of  the  subcohort  of  107,421  could  now 
be  analyzed  with  a  manageable  number  of  AFSCs. 


Figure  2.  Number  of  employees  in 
each  AFSC*  by  Enlisted,  OSicci; 
and  Gvilian 
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*AFSC  -  Air  ForccSkill  Code 
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B.  SELECTION  of  COMPARISON  or  STANDARD  GROUP 


One  of  the  formidable  hurdles  of  any  retrospective  cohort  study  is  to  identify  an 
adequate  comparison  group.  The  comparison  group  in  a  cohort  is  utilized  to  compare 
the  disease  experience  in  an  unexposed  group  to  that  of  the  exposed  study  group.  Usually  a 
comparison  is  chosen  in  one  of  these  a  internal  comparison  group,  external  comparison 

group,  or  comparisons  with  the  general  population.  “  Since  the  goal  of  this  study  is  to  rank 
the  magnitude  of  effect  in  each  AFSC,  a  comparison  group  was  not  necessary. 

A  standard  group  though  was  needed  for  adjustment  in  the  anatysis.  Since 
different  AFSCs  would  have  different  proportions  of  race  and  age  groups,  adjustment  using 
a  standard  di^ibution  of  these  potential  confounders  would  remove  any  bias  they  might 
produce  in  the  crude  point  estimate  for  that  AFSC.  For  direct  standardization  the  standard 
group  can  be  one  of  the  groups  under  study,  a  combination  of  groups  under  sfuefy,  or  some 
external  group.  The  actual  values  of  the  adjusted  rates  would  depend  on  which  standard  is 
chosen.  Therefore  the  choice  of  the  standard  would  alter  the  magnitude  of  effect  in  the 
adjusted  rate,  however,  the  magnitude  in  differences  of  adjusted  rates  would  not  vary. 

This  means  the  irregardlcss  of  the  standard  chosen  the  ranking  of  rotes  would  not  be 
altered.  For  convenience  the  subcohort  of  107,421  males  were  selected  to  be  the  standard. 

C.  DATA  COLLECTION  and  DATA  MANAGEMENT  STRATEGIES 

Data  and  preliminary  analysis  were  obtained  fi?om  the  HCDR  at  Ft.  Detrick,  MD. 

The  researcher  had  extensive  communications  with  Armstrong  Lab  (Brooks  AFB,  Texas) 
Air  Force  Military  Personnel  Center  (Randolph  AFB,  Texas)  and  Civilian  Personnel  Center 
(Randolph  AFB,  Texas)  to  resolve  apparent  inconsistencies  in  occupational  coding. 
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Collaboration  between  tbe  researcher  and  HCDR  was  necessary  to  adjust  occupational 
codes  and  perform  the  raw  data  analysis,  Further  analysis  were  accomplished  by  the 
researcher  on  a  386-IBM  compatible  persoual  computer  using  a  software  spreadsheet. 

D.  PROTOCOLS  or  INSTRUMENTS  USED 

All  data  was  furnished  courtesy  of  the  U.S.  Air  Force.  No  data  contained  any 
personal  information  such  as  social  security  numbers. 

No  instruments  were  used  in  this  study. 

E  INDEPENDENT,  DEPENDENT  &  CONFOUNDING  VARIABLES 

INDEPENDENT  VARIABLE: 

The  independent  variable  for  this  study  was  each  AFSC  under  study. 

DEPENDENT  VARIABLE 

The  dependent  variable  for  this  shjdy  was  the  presence  or  absence  of  permanent 
hearing  threshold  .shift  (PTS).  PTS  was  defined  as  an  increase  (an  average  of  10  dB  at 
2,000,  3,000,  and  4,000  Hz,  either  car)  in  the  hearing  threshold  relative  to  the  baseline 
audiogram  after  a  40  hour  noise  free  period.  ' 

CONFOUNDING  VARIABLES: 

Sex  is  regarded  in  the  literature  as  a  possible  confounding  variable.  By  restriction  it 
was  removed  from  the  study  during  the  design  phase, 
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Adjustmeot  was  made  for  age  and  race  during  the  analysis  of  this  ^dy.  Age  was 
readily  available  on  the  current  HCDR.  Race  was  used  as  a  surrogate  for  melanin  in  the 
inner  ear.  The  data  on  race  was  obtained  horn  another  DOD  database  and  was  merged  with 
the  HCDR  database. 

F.  METHOD  of  DATA  ANALYSIS 

As  with  any  retrospective  cohort  study,  all  participants  should  be  disease  free  at  the 
beguming  of  the  review  period.  At  the  beginning  of  1992  all  individuals  that  had  been  on 
the  AFHCP  in  1991  should  have  hnd  nfimial  hearing.  If  one  of  these  individuals  had  a  PTS 
in  1991  they  would  nonuoUy  be  removed  from  a  hazardous  noise  area  thereby  rciU'jving 
them  from  hazardous  noise.  Occaaioiudty,  ay  dircciion  of  a  physician  or  audiologisi ,  an 
individual  with  a  PTS  in  1991  may  have  been  reassigned  a  new  baseline  for  his  hearing 
level  and  considered  to  have  normal  hearing.  These  individtials  would  stay  on  the  AFHCP 
and  continue  in  their  work  centers.  FrO^  of  the  individuals  on  the  AFHCP  in  199 1 
should  have  received  their  antinal  audiogram  sometime  (hiring  1992  unless  they  changed 
jobs,  left  the  militaiy,  or  were  removed  from  a  hazardous  noise  area  for  medical  reasons. 
During  the  twelve  month  period  of  1992,  annual  audiograms  entered  into  the  HCDR  were 
categorized  as  either  normal  or  a  permanent  threshold  shift  (PTS). 

To  develop  the  stanciard,  the  subcohort  of  107,421  was  stratified  by  age  and  race. 
The  percentages  generated  in  this  analysis  would  be  used  later  as  the  multiplicand  with  the 
stratum  rotes  of  each  APSC  (Table  2). 
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Table  2.  Frequency  distribution  of  male  subcohort  (n  ■ 
(Derivation  of  the  standard  weljit) 

107,421)  by  age  and  race. 

AGE 

White 

Black 

Other 

N 

% 

N 

% 

N 

% 

18-27 

20,865 

19.42 

2,225 

2.07 

6,402 

5.96 

28-37 

32,159 

29.94 

3,707 

3.45 

11,378 

10.59 

3847 

13,464 

12.53 

1,536 

1.43 

7,425 

6.91 

>47 

4,563 

4.25 

539 

0.50 

3,158 

2.94 

The  measure  of  disease  frequency  studied  was  cumulative  incidence  (Cl).  This 
measure  is  also  oficn  referred  to  simpiy  as  rlsL  Suicc  Cl  Is  tljc  propoiliuti  uf  people  iliui 
have  become  diseased  in  a  given  period,  it  fits  this  study  well.  ^ 


of  new  cases  of  a  disease  rPTSl  durmg  a.  fii  v.qi  J3fci 
total  population  at  risk  (all  AFSCs) 


of  tmit 


The  crude  cumulative  incidence  for  each  AFSC  was  adjusted  for  age  and 
race  by  direct  adjustment  using  12  agc/rocc  strata,  The  adjusted  cumulative  incidence 
yielded  a  more  accurate  point  estimate.  A  95%  confidence  interval  around  the  adjusted 
point  esikoatc  was  also  calculated  (Appendix  C  &  D). 
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SECTION  in 
RESULTS 

The  overall  crude  rate  of  PTS  for  the  study  group  of  107,421  was  252%.  This 
figure  matches  the  results  of  the  1992  Air  P^orce  Annua]  Hearing  Conservation  Report 
which  calculated  25%  for  a  crude  rate.  ^ 

Analyzing  the  group  of  1 17  AFSCs  under  stutfy  and  comparing  them  to  the  1992 
Air  Force  Annual  Hearing  Conservation  Report  revealed  similar  crude  rates  in  officers, 
enliste^  and  civilians  (Table  3).  1  .r  ?■..  sotabie  in  the  adjusted  rates  in  these  categories  is  the 
increase  in  the  enlisted  rotes  and  th^  i  ^lease  n  the  civilians.  By  removing  the  effect  of  age 
and  race  the  enlisted  and  civilian  ovoall  adjusted  rates  are  almost  identicalyet  both  are 
distinctly  higher  than  the  officer  category. 


Table  3.  Comparison  of  crude  rates  of  the  1 17  AFSCs(N»93,854)  with  the 
crude  rote  of  1992  Air  Force  Annual  Hearing  Conservation  Report 
(AFHCR)  and  adjusted  rates  of  the  1 17  AFSCs. 


Officer 

Enlisted 

Civilian 

All 

AFHCR 

Crude 

1.7 

2.0 

4.8 

2J 

117  AFSCs 
Cpjde 

1.41 

1.98 

5.10 

228 

117.\FSCs 

Adjusted 

1.45 

272 

283 

249 

The  range  of  adjusted  rates  (risks)  for  all  1 17  AFSCs  ranged  from  0%  to  1 1.38% 
(Figur  ?  ).  The  majority  of  the  AFSCs  fell  between  adjusted  rates  of  0.5%  and  4.5%,  The 
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distribution  of  the  risk  is  skewed  to  the  right  with  several  AFSCs  as  outlyers. 


The  adjusted  risk  for  each  one  of  the  117  AFSCs  were  summarized  in  a  single  table. 
The  tabie  was  then  sorted  from  highest  risk  to  lowest  risk  according  to  enlisted,  ofGcer,  and 
civilian  (Appendix  E).  Lastly,  the  ten  AFSCs  with  the  highest  and  lowest  risks  of  hearing 
losses  were  summarized  (Table  4),  The  actual  calculations  of  the  highest  (Appendix  F)  and 
lov?est  (Appendix  G)  were  reported  also. 

Only  four  AFSCs  were  above  an  ac^'usted  rate  of  7.0%.  Of  those,  three  were 
civilian:  Aircraft  mechanic.  Structural  civil  engineer,  and  vehicle  maintenance.  The  one 
enlisted  category  above  an  adjusted  rate  of  seven  was  radar  technician.  The  highest  risk 
calculated  was  on  the  civilian  Airoaft  mechanic  at  1 1.38%. 

It  is  interesting  to  note  that  six  of  the  AFSCs  with  the  greatest  hearing  loss  were 
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Table  4.  Summary  of  Ten  AFSCs  with  the  highest  and  lowest  risk  d  developing 
PTS 


Ten  AFSC  at  highest  risk  of  PTS 
(Ordered  highest  to  least) 

■awimai 

Title 

Risk 

Confid. 

Interval 

Title 

AFSC 

Risk 

Confid. 

Interval 

Aircraft 

Mechanic 

2SB40 

11.38% 

17.92% 

4.86% 

A.L  Missile 
Systems 

E-466X> 

0.00% 

0.00% 

0.00% 

Structural 

dv.eng. 

C-552XX 

8.61% 

15.86% 

1.37% 

Nuclear 

Weapons 

E463XX 

0.00% 

0.00% 

0.00% 

Vehicle 

Mainten. 

C472XX 

8.37% 

15.34% 

1.39% 

Instru¬ 

mentalist 

E-a/2XX 

0.00% 

0.00% 

0.00% 

Radar 

Technician 

E-303XX 

8.30% 

10.87% 

6.^% 

SpedaiOps 

Oii/s» 

0-1316 

0.00% 

0.00% 

0.00% 

Aeromedic 

Specialist 

E-901XX 

6.72% 

12.00% 

1.43% 

PitotTrainee 

0-0006 

0.00% 

0.00% 

0.00% 

Avionics 

Tedhnician 

E-451XX 

6.26% 

10.08% 

2.43% 

Aircraft 

Pneudraui. 

C-8268 

0.26% 

0.75% 

-0.24% 

Jet  Eng. 
Mechanic 

E426XX 

6.00% 

9.29% 

2.72% 

Medical 

Service 

E-902XX 

0.27% 

0.47% 

0.06% 

Machine 
Tool  Oper 

C*3431 

5.75% 

8.67% 

2.83% 

Combat 

Control 

E-273XX 

0.30% 

0.88% 

-0.28% 

Aircraft 

Ordinance 

C-6652 

5.64% 

10.23% 

1.04% 

SpecialOps 

Nav 

0-1585 

0.42% 

1.23% 

-0.39% 

Aircraft 

Mainten. 

C452XX 

5.44% 

9.10% 

1.79% 

Electronic 

Com. 

E-304XX 

0.51% 

1.22% 

-0.19% 

civilian  categories.  This  is  particularly  important  in  light  of  the  fact  that  out  of  the  1 17 
AFSCs  analyzed  only  33  (28%)  were  civilian.  It  appears  that  several  civilian  categories 
have  higher  risk  of  PTS  than  other  categories  even  after  adjusting  for  age,  race,  and  sex. 

The  spread  of  the  confidence  inten'^als  was  greatly  affected  by  the  number  within  an 
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AFSC.  For  instance,  the  civilian  AFSC  343 1  (Machine  tool  operator)  had  a  much  narrower 
range  with  289  employees  versus  the  civilian  AFSC  8840  O^ircraft  mechanic)  with  108 
employees.  There  is  significant  overlap  of  many  confidence  intervals.  Certainly  the  lower 
limits  of  the  civilian  Aircnut  mechanic  (4.85%)  and  the  enlisted  Radar  technician  (5.73%) 
are  well  above  the  group  of  AFSCs  noted  in  Figure  3. 
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SECTION  IV 
DISCUSSION 


Millions  of  dollars  are  paid  amuially  to  of  civilian  DOD  employees  and 

past  military  personnel  All  three  services  contribute  substantially  to  this  cost.  In  addition  to 
cost,  these  injuries  inflict  undue  disabilities  on  many  of  these  individuals. 

The  data  Jn  this  study  are  extreme^  valuable  «rnd  shoidd  be  replicated  in  the  &ture 
with  each  subsequent  year  group.  analyzing  data  directly  by  the  AJFSC,  managers  at 
base  level  will  be  able  to  review  programs  Tot  specific  hig^i  and  low  risk  groups.  High  risk 
groups  ran  be  monitored  more  closely,  trained  better^  or  other  preventive  measures  can  be 
implemented  to  take  them  off  the  high  risk  group.  Convetsely,  low  risk  groups  can  be 
anafyzed  to  see  what  is  being  done  in  that  occupation  to  keep  them  ic  such  a  low  risk. 
Perhaps  some  of  their  f>aTi  be  duplicated  in  other  areas  to  decrease  the  risk  of 

hearing  loss.  This  investigative  work  will  surely  generate  paradigm  shifts  in  the  way  the 
Air  Force  manages  its  AHiCP. 


In  particular  the  Air  Force  should  particular  altenrion  to  certain  high  risk 
civilian  AFSCs,  Since  die  cmlians  overall  adjusted  rate  is  very  ^tmilnT  to  the  enli^ed 
overall  adjusted  rate,  it  is  particularly  alarming  to  find  a  disproportionate  number  of 
civilian  AFSCs  in  the  top  ten  risk  rankings. 

Finding  the  enlisted  AFSC  901XX  (Aeromcdical  Specialist)  scans  out  of  place  as 
one  of  the  top  ten  risks  for  hearing  loss.  Many  individuals  in  this  occupation  are  on  the 
hearing  conservation  program  since  they  are  required  to  fly  periodically.  Yet  to  the 
researcher  their  exposure  seems  minimal  when  compared  to  most  other  AFSCs  on  the 
AFHCP.  The  question  of  wty  this  group  appears  in  the  top  ten  list  may  have  two  plausible 
answers.  With  wide  95%  confidence  intervals,  it  may  be  in  its  ranking  by  chance  from  the 
multiple  comparisons  issue.  Anouier  cApianauou  may  be  ihai  since  this  is  the  AFSC  that 
administers  the  audiograms  in  the  Air  Force,  their  ability  to  take  audiograms  may  be 
different  from  that  of  Jie  rest  of  the  subcohort. 

The  Air  Force  should  not  take  any  major  action  on  this  stutfy  alone.  Until  a  AFSC 
has  reoccurred  in  the  highest  risk  or  lowest  risk  category  2  years  in  a  row  it  may  not  be 
valid.  Validity  of  this  study  may  be  affected  by  two  factor's. 

Multiple  comparison  isaies  has  been  cited  by  authors  a  potential  problem  when 
analyzing  large  amounts  of  data.  In  essence,  it  states  that  because  of  the  laws  of  probability, 
given  a  large  enough  sample,  some  variables  will  be  statistically  significant  when  they 
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really  arc  due  to  chance  of  occurrence.  ®  The  application  here  is  that  an  AFSC  that  was  in 
the  left  end  of  the  curve  (high  risk)  in  1992  may  end  up  in  the  center  next  year.  It  may  have 
just  random^  appeared  as  a  high  risk  this  year  when  in  fact  it  is  not  a  historically  high  risk 
group  (Figure  4). 


Figure  4.  Distribution  of  risk  of  developing  PTS  among  AFSCs  with 
over  iOO  employees  in  each  AFSC. 


12% 

10% 


Risk  of 

dev&iopmg 

PTS 


8% 

6% 


4% 


2% 

0% 


1 17  ARSCs  with  over  100 


employees  in  each  AFSC 


As  second  area  validity  may  have  been  sacrificed  was  when  the  4,648  AFSC  codes 
were  combined  to  the  2,718  AFSC  codes.  .\!thcugh  CApcrts  at  Randolph  APB  were 
consulted,  misclassiScation  of  exposure  may  have  occurred.  Some  decisions  whether  to 
combine  codes  into  a  pai’ent  code  where  complicated  and  time  consuming.  The  researcher 
did  his  best  to  double  check  all  decisious  and  entries.  Even  though  these  efforts  were  made 
validity  may  have  been  altered. 

Precision  of  the  results  are  also  a  concern.  Since  the  goal  was  to  analyze  AFSCs, 
removing  femides  early  in  the  study  was  probably  wise.  In  the  future  though,  as  women 
increase  in  percentages  of  the  workforce,  they  should  also  be  examined.  Stratifying  by  age 
was  prudent  and  would  be  a  well  recognized  method  to  control  for  such  a  strong  risk  factor. 
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Race  acd/or  melanin  content  of  the  inner  ear  has  been  implicated  as  a  risk  hactor  and  was 
therefore  adjusted  for  in  the  analysis.  This  adjustment  may  have  decreased  precision  for  no 
reason  at  all  if  race  is  not  a  strong  risk  hictor  in  the  milhaiy  setting.  Rrture  studies  should 
be  performed  to  evaluate  race  as  a  risk  factor  for  occupationally  related  hearing  loss  in  the 
militaiy. 

Certain  potential  confouuders  were  not  controlled  for  in  the  design  or  analysis. 
Smoking,  eye  color,  nonoccupational  noise  exp(^mts  have  not  been  recorded  on  any  easily 
accessible  database  in  the  Air  Force;  therefore,  they  were  not  adjusted  for.  It  is  hoped  that 
smoking  and  nonoccupational  noise  exposures  are  evenly  distributed  through  the  AFSCs  so 
they  will  not  skew  the  results. 

The  greatest  concern  for  precision  surrounds  the  issue  of  what  number  of 
employees  is  a  reasonable  number  to  use  as  a  cut-off  for  analysis.  One  hundred  was  used  in 
this  study  with  very  rational  reasoning.  Unfortunately,  firom  looking  at  the  results  closely 
one  can  see  that  even  with  this  number  of  employees  the  adjusted  risk  can  be  easily  altered 
by  one  or  two  PTSs  in  the  AFSC.  'fhis  factor  is  reflected  in  the  wide  confidence  intervals. 
In  funire  studies  this  cut-off  may  need  to  be  altered. 


SECTION  V 
RECOMMENDATIONS 

The  validity  and  precision  issues  that  have  been  raised  should  not  minimize  the 
value  of  this  study.  If  the  study  is  replicated  with  1993  data  and  similar  results  are  found, 
Air  Force  management  can  confidently  approach  managers  and  MUitaiy  Public  Health 
Officers  at  base  level  to  follow  through  with  their  investigative  work  to  improve  the 
AFHCP. 

The  Air  Force  is  currently  combining  several  databases  at  a  central  location.  Within 
one  to  two  years  the  access  and  quality  of  the  data  should  be  better.  Race  infomiation  will 
be  easier  to  obtain.  Generation  of  AFSCs  that  will  not  require  manual  and  computer 
combining  to  parent  codes  will  be  likely.  An  Air  Force  computer  programmer  should  build 
a  program  that  will  automatically  generate  this  study.  Even  though  this  study  was  labor 
intensive,  by  using  the  avenues  soon  available  much  of  the  work  intensity  should  be 
alleviated. 
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Appeadix  A 

Example  of  printout  with  AFSCs  broken  out  into  4648  different  AFSC  codes 

ANALYSIS  FOR  EACH  OCCUPATIONAL  GROUP 


MILITARY  CIVILIAN  ALL 


OCCUPATIONAL 

CODE 

N 

% 

N 

« 

N 

% 

452XB 

1 

0.00 

0 

0 

1 

0.00 

452X0 

167 

0.  15 

9 

0.01 

176 

0.16 

452X1 

147 

0.  13 

4 

0.00 

151 

0.13 

452X2 

233 

0.21 

2 

0.00 

235 

0.21 

4S2X3 

77 

0.07 

0 

0 

77 

0.07 

452X4 

1.569 

1.36 

18 

0.02 

1,587 

1 .40 

452X5 

237 

0.21 

1 

0.00 

238 

0.21 

452X7 

19 

0.02 

0 

0 

19 

0.02 

452X9 

5 

0.00 

2 

0.00 

7 

0.01 

452y2 

1 

0.00 

0 

0 

1 

0.00 

452Y4 

1 

Q.QO 

0 

0 

1 

* 

a. 00 

4520 

1 

0.00 

0 

0 

1 

0.00 

45200 

26 

0.02 

2 

0.00 

28 

0.02 

4521 

4 

0.00 

0 

0 

4 

0.00 

4S210 

1 

0.00 

0 

0 

1 

0.00 

45211 

a 

0.01 

0 

0 

8 

0.01 

45212 

1 

0.00 

0 

0 

1 

0.00 

45214 

6 

0.01 

0 

0 

6 

0.01 

45215 

1 

0.00 

0 

0 

1 

0.00 

45216 

1 

0  00 

0 

0 

1 

0.00 

45222 

1 

0.00 

0 

0 

1 

0.00 

45223 

1 

0 .  CO 

0 

0 

i 

O.uO 

45224 

1 

0.00 

0 

0 

1 

0.00 

4523 

1 

0.00 

0 

0 

1 

0.00 

45230 

2 

0.00 

1 

0.00 

3 

0.00 

45231 

37 

0.03 

0 

0 

37 

0.03 

45232 

56 

0.05 

1 

0.00 

57 

0.05 

(CONTINUED) 
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Appendix  B 


1  Cod©s(AFSC)  containing  100  or  more  employees 


;  r-. 


Coetci 


1|464.. 


2 


3467.. 


462.. 


51113.. 


6 


11  811.. 


12  461.. 


13272.. 


141551 .. 


15552.. 


161902.. 


17 


18  112.. 


19  605.. 


20  542.. 


21  546.. 


22  431.. 


23  456.. 


24  411.. 


25  208.. 


261116.. 


27 


28  753.. 


29  901.. 


5993!  22561 


3507  26068 


2951  29019 


1639 


1659  11334 


12192 


8 

458.. 

9 

10 

631.. 

8481 13038 


656  13696 


5378 


8255 


I _ [Officer*^ _ 

/iberitotals  AFSC  iNumberitotals  lAFSC 


in  AFSa  iCodes  lin  AF 


3756 


6333 


8136  571.. 


9775  8602 


3414 


81 


2892 


4102 


6181 143141464.. 


14923 


696!  15519 


5631 16082 


16562(551.. 
6402 


3703 


8268 


6652 


2604 


6968 


3500 


11461  2191 18863(562.. 


204  19067  457.. 


19268  545.. 


193!  19461(458.. 


192 


totals 


Codes!  In  AFSC 


3806 


8852 


5077 


37912 


39752 


1778141630 


13221 42852 


1355 


1055 


545 


1535 


1575 


1745 


235 


525 


1555 


9356 


12661  45436 


1042  46478 


10071 47485 


48489 


17286 


935150364 


907!  51291 


886!  52177 


822  52999 


600!  54244 


54757 


321 1  55850 


3161  66165 


90161 


1466 


10251 


1566 


1435 


1425! 


6 


1496 


9766 


2255 


1716 


2245 


277  17898 


2401 18405 


2451  9782 


2231  10005 


216! 10221 


196!  11037 


191  11228 


1871  11415 


164  11579 


1P314 

431.. 

13Si 

1  11S74 

19971 

462.. 

121 

'  11995’ 

20123 

4604I 

118 

!  12113 

20272 

2806  i 

WmSEKW 

*  These  codes  sometimes  end  in  a  2  digit  suffix.  Two  periods  stand  for 
the  suffix  which  could  be  any  2  numerals.  In  other  references  this 
designation  is  often  XX  rather  than  two  periods. 

**  If  these  codes  have  less  than  four  digits,  it  can  be  assumed  it 
is  preceded  by  enough  zeros  to  make  it  a  four  digit  code. 
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Appendix  B 

Air  Force  SldJl  Codes(AFSC)  containing  100  or  more  employees 


AFSC  INumberjtotale  lAFSC 


Codeslin  AFSO 


30  427..  i'  281  i  56446 


31118..  I  280166726 


32  117.. 


33  361.. 


34  207.. 


304.. 


36  426.. 


37  871 .. 


381273.. 


40  115.. 


41  122.. 


42|6'02.. 


43  303.. 


44872.. 


45  911.. 


46 


463.. 


48  466.. 


49  453.. 


50  645.. 


51  275.. 


52  998.. 


53  901.. 


54997.. 


55  111.. 


56  231.. 


57  328.. 


58  425.. 


271 

57268 

2641 

57532 

264 

57796 

230 

58026 

229 

58255 

218 

58473 

2101 

58683 

2865 


40241 


2295 


361 


66 


611151 


143  20709 


120  20829 


1191 20948 


w- 


Numberitotais  (AFSC  iNumbeiitotals 


Codeelin  AFSO 


204201542.. 


146120566  8840 


5413 


8800 


3705 


8862 


5705 


6907 


5309 


2854 


12649 


1071  211701 


881  21258 


86|  21344J 


21425 


871 13113 


1691  59060 


1631  59223 


1661  59379 


1471  59526 


125159918 


117I 60035 


97  60132 


861  60218 


76i  60294 


1365 


2265 


1035 


1406 


9025 


1335 


4016 


)  80 

21505 

5823 

6912 

73 

21651 

53501 

1  68 

21719 

34161 

i  64 

21783 

90850 

63 

21846 

55 

"21M 

605.. 

54 

21955 

4204 

54 

mm 

427.. 

48 

22057 

4206 

84!  13370 


841 13464 


831 13537 


13618 


13699 


7408 


3858 1 


13857 


74i  13931 


74  14005 


14075 


68  14143 


661  14209 


601  60543 


591  60602 


571  60659 


651  60714 


381  223081455.. 


28251  37  22346  566.. 


14651  37122382  7407 


8  331  22415  2810 


59  14453 


581  14511 


681  ,45^ 


*  These  codes  sometimes  end  in  a  2  digit  suffix.  Two  periods  stand  for 
the  suffix  which  couid  be  any  2  numerals.  In  other  references  this 
designation  is  often  XX  rather  than  two  periods. 

**  If  these  codes  have  (ess  than  four  digits,  it  can  be  assumed  it 
is  pt  seeded  by  enough  zeros  to  make  it  a  four  digit  code. 
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Appendix  B 

Air  Force  Skill  Codes(AFSC)  containing  100  or  more  employees 


Officer^  I  ICIvllian*  _ 


AFSC  INumberitotafs  lAFSC  Numberjtotals  lAFSC  iNumberitotals 


Codes!  in  AFSO 


59316.. 


60(392.. 


61 


62 


63  261.. 


o<4!aao.. 


54 


53 1  60821 


471  60868 


44i  30750 


40i  60/90 


Codeslln  AFSO 


2 


6054 


46i 


761 


2875i 


8076! 


462.. 


301225081  4605 


291  224111^57161 


27  22438  5439 


271224651  33591 


54  14565 


51 1  14616 


501  14666 


total  for  ^  1 00 


total  for  ^  80 


total  for  ^  70 


total  for  a  50 


i  93854  87.37% 


954221  88.83%  i 


I  96020 


1  977221  90,97%! 


*  These  codes  sometimes  end  in  a  2  digit  suffix.  Two  periods  stand  for 
the  suffix  which  could  be  any  2  numerals.  In  other  references  this 
designation  is  often  XX  rather  than  two  periods. 

**  If  these  codes  have  less  than  four  digits,  it  can  be  assumed  it 
is  preceded  by  enough  zeros  to  make  it  a  four  digit  code. 
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Appendix  C 


ANALYSIS  FOR  EACH  AFSC  CODE 


Annual  Audic  No.  ofPTS  Stratum 

(diseased)  Crude 

Risk 


I. white,  18-27 


2.white,28-37 


3, white, 38-47 


4. white,  >47 


S.black,  18-27 


6.black,28-37 


7.black,38-17 


8,black,  >47 


9.other,l8-27 


lO.other.28-37 


H.olher,38-i7 


12.other,  >47 


Crude  Risk  calculation; 


Confidence  interv'al  for  direct  adjustmeni: 


Standard 

wci^(w) 

Risk 


w 

0.1942 


0.2994 


0.1253 


0.0425 


0.0207 


0.0345 


0.0143 


0,0050 


0.0596 


0.1059 


0,0691 


0.0294 


Conf. 

addends 


Adjusted 


Sums"  Rate 


Confidence^ 

Interval 


Point  Estimate  -^or-  1.96 


/(dyn.Kl-  d/n.) 

Wr( - 

\  tt 


Appendix  D 


ANALYSIS  FOR  Civilian  AFSC  3431 


Race.  AtLC 

Annual  Audit 

No.  ofPTS 
(diseased) 
Risk 

Stratiun 

Crude 

Standarn 
wetghl(sv) 
Risk  . 

Stmrum 

Adjusted 

Conf. 

^1/ id  ends 

i.white,18-27 

4 

0 

0 

0,1942 

0 

0 

Zwhite,28-37 

41 

1 

0.024390 

0,2994 

0,007302 

0.000052 

3.wiiite,38-47 

31 

3 

0.096774 

0.1253 

0012125 

0.000044 

d.white,  >47 

18 

2 

aiuiii 

0.0425 

0004722 

O.OC'00O9 

5.bIacJc,  18-27 

/* 

3 

0 

0 

0.0207 

0 

0 

6.bl*ck.28.37 

3 

1 

0333333 

0.0345 

0.011500 

0.000088 

7.black,3847 

5 

0 

0 

0.0143 

0 

0 

S.blacJc,  >47 

3 

0 

0 

0.0050 

0 

0 

Q.otiier,  18-27 

31 

1 

0.322580 

0,0596 

0.001922 

0.000003 

10.cther,2S-37 

71 

4  ■ 

0.056338 

0.1059 

O.Ci-  .66 

0.000008 

1 1. other, 38-47 

61 

8 

0.131147 

0.0691 

0.009062 

0,000008 

12.othcr,  >47 

18 

3 

0.166666 

00294 

0.004900 

0.000006 

Cjude  Risk  calculation; 

Sums*' 

OJ057501 

0.000221 

Totals 

289 

23 

0.079584 

Confidence^ 

Interval 

04)86700 

0028302 

Confidence  inlerval  for  dired  adjustment: 


Point  Estimate  +nr-  1.96  \  I ^  y/|3[  — — — — — 
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Appendix  E 

Adjusted  Risk  for  all  AFSCs  with  100  or  more  individuals 


N  AFSC 


156  303.. 


315  901.. 


130  451.. 


230  426.. 


281  427.. 


210  566.. 


1322  461.. 


6001411.. 


10  822 


11  2083  458.. 


169  122.. 


13  1840  631.. 


14  VB86  452.. 


15  5993  457.. 


16  907  642.. 


17  390  116.. 


18  1042  6G2.. 


19  1266  661.. 


20  2205  455.. 


21  382  423.. 


22  645  456.. 


23  208  115.. 


24  8682  454.. 


25  960  112.. 


20135071462.. 


27  1004 


935  605.. 


29  886  545.. 


30  321  753.. 


31  2646  114.. 


ii  ii  1^1  II I  i—i—EBaagi 
QKoiioai 

“  I 


AFSC 


0.G8302 


0.06719 


0.06001 


0.05061 


0.05012 


0.04785 


0.04176 


0.04113 


0.03872 


0.03859 


0.03783 


0.03642 


0.03509 


0.03508 


0.03473 


0.03441 


0.03073 


0.0299 


0.02786 


0.0272 


0.02606 


nnoiiQ 


0.02387 


0.02078 


0.02007 


0.01893 


0.01825 


157 


204 


858 


383 


107 


596 


846 


1559 


1639 


25771  1046 


119  4024 


341  1825 


609  1235 


j  C.05026 

r 

1 

>  0.04588 

1 

>  0.04169 

1 

^  0.03066 

III 

0.02643 

> 

0.0242 

1 

0.02406 

i 

0.02261 

0.02215 

0.02098 

;  0.019371  1 

;  0.01877 

>  0.01858 

i  0.01605 

;  0.01464 

11 

i  0.01456 

rt 

0.01317 

0.01261 

0.01213 

L_ 

0.01195 

0.01005 

■1 

0.00849 

I 

0.00838 

T 

wr.Ul//Ol 

n 

0.0078 

0.00696 

0.00665 

0.0063 

0.0058 

CIVILIAN  * 
AFSC"lAdj*Risk 


0.11388 


108 


196  552.. 


167  472.. 


3431 


2161  6652 


121  462.. 


445  4102 


104  5413 


277  651.. 


245  3703 


8255 


2805 


3421  5373 


8852 


164  458.. 


565  3414 


525CX)31 


109  542.. 


215  2604 


566  8602 


410  454.. 


482  2892 


138  431.. 


205  6968 


568  571.. 


250  5402 


lie  4604 


101  8800 


200 


0.08613 


0.08369 


0.0575 


0.06637 


0.05444 


0.040C3 


0.03936 


0.0376 


0.C36O2 


0.0304 


0.02971 


0.0277 


0.02516 


0.02506 


.02282 


C.02282 


0.02259 


0.02071 


0.02063 


0.02031 


0.01961 


0.01946 


u.u  ( 


0.01865 


0.01657 


0.01446 


0.01317 


0.00708 


*  These  codes  sometimes  end  In  a  2  -^Igit  suffix.  Two  periods  stand  for 
the  suffix  whidi  coukJ  be  any  2  num^  Js.  In  other  referent^s  this 
designation  is  often  XX  rather  than  two  periods. 
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Adjusted  Risk  for  all  AFSCs  with  100  or  more  individuals 


N 


1319  272.. 


2CJi  113.. 


811.. 


1960  571.. 


271  361.. 


2711117.. 


264  207.. 


280 


513  208.. 


137  911.. 


229  871.. 


304.. 


1007  902.. 


872.. 


463.. 


-.171466.. 


ENLISTED  * 


AFSC 


0.01743 


0.01677 


001637 


0.01604 


0.01391 


0.01053 


0.00966 


0.00944 


0.00746 


0.0063 


0.0055 


0.00512 


0.00299 


0.00267 


OFFICER 

AFSC 

AdjRisk 

2245 

0.00543 

9766 

0.00533 

1585 

0.00415 

CIVILIAN  * 

AFSC 

AdjRisk 

467.. 

0.00548 

8268 

0.00265 

*  These  codes  sometimes  end  in  a  2  digit  suffix.  Two  periods  stand  for 
the  suffix  which  coufd  be  any  2  numerals.  In  other  references  this 
designation  is  often  XX  rattier  than  two  periods. 
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Appendix  F 

Ten  AFSCsCAir  Force  Skill  Code)  with  the  Highest  Risk  of  developing  PTS 
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Appendix  G 


Ten  AFSCs(Air  Force  Skill  Code)  with  the  Lowest  Risk  of  developing  PTS 
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analysis  for  officer  AFSC:  1315 
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